Vascular inflammation is an important process which contributes to the pathogenesis of many cardiovascular diseases, such as atherosclerosis. Micro-RNAs (miRNAs) have been revealed as novel regulators of vascular inflammation. Prior researches had shown that alterations in gene expression of human umbilical vein endothelial cells (HUVECs) associated with topographic cues. Here, we showed that poly (dimethyl siloxane) (PDMS) substrate of 10 μm width and 3 μm depth parallel microgrooves on the surface could significantly upregulate the expression of anti-inflammatory micro-RNAs, miR-146a and miR-181b. In addition, the results also showed that TRAF6 and importin-α3, target of miR-146a and miR-181b, respectively, were both down-regulated (P < 0.05 and P < 0.001, respectively). The expression levels of the inflammation related proteins were all significantly decreased, including VCAM-1 (P < 0.05), ICAM-1 (P < 0.001), E-selectin (P < 0.001), and MCP-1 (P < 0.05). The adhesion of the mononuclear cell line, THP-1, was significantly decreased (P < 0.05). The results revealed that morphology modified HUVEC can modulate miR-146a and miR-181b and their downstream biological functions such as decreasing inflammation, suggesting that surface microtopology may affect vascular inflammation in the setting of cardiovascular disease. These interesting findings will facilitate the optimal design of microstructured materials in tissue engineering.
Previous research stresses the importance of biochemical modification of biomaterial in tissue repair and regeneration [1] . Recent studies have shown that physical factors played important role in regulating cellular behavior [2] . Mechanical forces associated with blood flow play an important role in regulating vascular signaling and gene expression in endothelial cells (ECs), for example, changes in shear stress result in differential expression of numerous microRNAs, triggering the balance between susceptibility and resistance [3] [4] . Recent study showed that the aligned nanofibers significantly induced neurite outgrowth and enhanced skin cell migration during wound healing compared to randomly oriented nanofibers, which shed light on the relative importance of the surface topography and chemical signaling in the guidance of different cell behavior [5] .
In addition, biophysical cues, in the form of parallel microgrooves on the surface of cell-adhesive PDMS substrates, can replace the effects of small-molecule epigenetic modifiers and significantly improve reprogramming efficiency [6] . Alterations in gene expression of human vascular endothelial cells associated with nanotopographic cues [7] .
Recent work has revealed that microRNAs (miRNAs) can also regulate vascular inflammation [8] [9] . Study from Fang et al. demonstrated that endothelial miR-10a expression is lower in the atherosusceptible regions of the aorta, suggesting the lower miR-10a expression may contribute to the pro-inflammatory endothelial phenotypes in atherosusceptible region [10] . A negative-feedback loop was identified in which miR-31 expression and miR-17-3p expression were induced by TNF-α in ECs to inhibit EC activation by reducing the expression of adhesion molecules [11] . In addition, miR-125 can reduce endothelial inflammation and atherosclerosis, and inhibit adherence of leukocytes to ECs [12] .
Both miR-146a and miR-181b repress vascular inflammation through NF-κB signaling pathway, and overexpression of miR-146a and miR-181b down-regulated the level of inflammatory genes (VCAM-1, ICAM-1, E-Selectin, MCP-1) [13] [14] .
Human cells in vivo are exposed to a topographically rich, 3-dimenisional environment, which provides extracellular cues initiating a cascade of biochemical signals resulting in changes in cell behavior. Topographic cues can significantly affect gene expression of human vascular endothelial cells, which can also affect the progress of cardiovascular diseases [7] [15] . To elucidate the role of biophysical factors in regulating endothelial functions, we used the cell-adhesive PDMS substrates with the surface of 10 μm width and 3 μm depth parallel microgrooves to physically change the shape of endothelial cell. We investigated whether the micro-patterned surface of the biomaterial substrate may induce specific mi-croRNA expression to regulate cell inflammatory response.
Methods

Cell Culture
Human umbilical vein endothelial cells (HUVECs, Sciencell), passage 2 -8, were Journal of Biosciences and Medicines cultured in ECM (Sciencell) with 5% fetal bovine serum (FBS) and 1% penicillin/streptomycin (P/S), and 1% endothelial cell growth supplement (ECGS) at 37˚C in a humidified 5% CO 2 atmosphere. Medium was changed every 2 -3 days. Subculture cells at 80% -90% confluence. The cells were seeded on the PDMS substrates for 3 days before proceeding to the following experiments.
Fabrication and Characterization of PDMS Substrates
To acquire patterned substrates with parallel microgrooves (10 μm in width and 3 μm in depth), we used microfabrication technique to fabricate materials with desired surface topography. Poly (dimethyl siloxane) (PDMS) (Sylgard 184, Dow Corning, Midland, MI) was prepared according to the manufacturer's instruction. PDMS was spin-coated onto the patterned silicon wafers to achieve desired thickness (~250 μm), degassed under vacuum, and cured at 75˚C for 1.5 h [6] [16] . The PDMS with micropatterned surface were removed from the template, cut into appropriate shapes and thoroughly cleaned by sonication, treated with Plasma Prep (11050Q-AX) to enhance the surface hydrophilicity, and coated with 2% gelatin for 1.5 hour to promote cell attachment. The images of the PDMS surface were collected by using scanning electron microscopy (SEM, JEOL JSM-5600).
RNA Isolation and qRT-PCR Analysis
The total RNA and microRNA were isolated using TRIzol® plus RNA Purification (No. 12183555, Invitrogen) and miRcute miRNA isolation kit (DP501, TIANGEN) respectively following the manufacture's instruction. For qRT-PCR, cDNA of mRNA synthesis was performed by using the FastQuant RT kit (with gDNase) (KR106, TIANGEN), the mRNA level was measurement using Super-Real PreMix Plus (SYBR Green) (FP209, TIANGEN). GAPDH was used as a normalization control. The sequences of the primers used for real-time PCR are listed in Table 1 . cDNA of microRNA was synthesized by miRcute miRNA First-Strand cDNA Synthesis Kit (KR211, TIANGEN) and the quantitative real-time PCR was performed by miRcute miRNA qPCR Detection Kit (SYBR Green) (FP411, TIANGEN) according to the manufacturer's instruction. RNU6-2 was used as a normalization control in all miRNA measurements. Primers used were listed as shown in Table 2 . The qRT-PCR was run on Applied Biosystems 7900HT Fast Real-Time PCR system (ABI). And the qRT-PCR data were analyzed using the comparative 2 −∆∆CT method. GraphPad Prism 6.0 software was used for all statistical evaluations.
Monocyte Adhesion Assay
Results
Characterization of PDMS Substrates and HUVECs Morphology
In order to increase the cell attachment and biocompatibility of the biomaterial, 2% gelatin was used to coat the PDMS substrates surface to improve the hydrophilicity. After coating with gelatin, the hydrophilicity of PDMS surfaces was determined by water contact angle measurements. The results are shown in (Figure 1) and Table 3 , which indicated that gelatin coating for 1 hour can significantly increase the hydrophilicity of the PDMS substrates, and no significant difference was observed between the flat surface and microgrooved surface. To observe the HUVEC morphology modified by micro-patterned substrates, HUVECs were seeded onto flat poly (dimethyl siloxane) (PDMS) substrates and the micro-patterned one fabricated with a 10 μm parallel grooves in width and 3 μm in depth. SEM characterized the three-dimensional structure of PDMS substrates (Figure 2(a) ), HUVECs morphology was demonstrated by FITC-phalloidin, DAPI, and β-catenin staining (Figure 2(b) ). As expected, phalloidin and β-catenin staining indicated that microgroove substrates had a pronounced effect on HUVEC morphology. In general, cells grown in microgroove PDMS substrates exhibited a more elongated morphology followed the guidance of parallel grooves, and the stress fibers were also parallel to the axis of groove alignment. The nuclear elongation was also observed in some cells.
The effect of the microgrooved surface on modifying the morphology of HUVEC shown here was selected from a series designed width based on our preliminary experiments. The width should be fine-tuned according to the size of the cells culture on it. In case of HUVEC, microgrooves with 10 μm in width were suitable to elongate the cells regardless of seeding density.
The Expression of miR-146a and miR-181b Was Induced in HUVECs Cultured on Microgrooved Surface
Previous studies have shown that topographic cues can significantly affect cell gene and microRNA expression levels in human vascular endothelial cells. To test whether our designed microgrooved PDMS substrates can also affect anti-inflammatory microRNAs, HUVECs were cultured on grooved and flat PDMS substrates biomaterial, and then the microRNAs were collected to examine the expression of miR-146a and miR-181b. The results showed that microgrooved PDMS substrates significantly increased the expression of miR-146a (P < 0.05) and miR-181b (P < 0.001) (Figure 3(a) ). TRAF6 and importin-α3 were known Journal of Biosciences and Medicines as the target genes of miR-146a and miR-181b, respectively. We further tested the mRNA levels of TRAF6 and importin-α3 and found both were significantly suppressed on grooved PDMS substrates (P < 0.01 and P < 0.001, respectively, Figure 3 (b)).These results consistently supported our hypothesis that biomaterial substrate may induce specific microRNA expression including those regulating cell inflammatory response.
Up-Regulation of miR-146a and miR-181b Modulates Inflammatory Response in HUVECs
In response to endothelial activation, adhesion molecules, such as VCAM-1, ICAM-1, and E-selectin, act to initiate, promote, and sustain leukocyte attachment to the vascular endothelium. To assess whether microgrooved surface might suppress the expression of these specific proteins to inhibit the inflammation, the expression levels of VCAM-1, ICAM1, SELE (E-Selectin), and MCP-1, Journal of Biosciences and Medicines were measured in LPS-stimulated HUVECs by qRT-PCR. The results showed that the level of those inflammatory genes was all significantly decreased on microgrooved PDMS substrates relative to the flat substrates (VCAM-1, P < 0.05; ICAM1, P < 0.001; SELE (E-Selectin), P < 0.001, and MCP-1, P < 0.05, Figure   4 (a)), suggesting that the endothelial inflammatory response was suppressed.
To further confirm the functional consequence of the decreased expression of the inflammatory genes, we employed an in vitro cell adhesion assay to assess leukocyte-endothelium interactions. Mononuclear cell line THP-1 was used in this assay. The adhesion of THP-1 cells to HUVECs on microgrooved PDMS substrates was markedly decreased (P < 0.05, Figure 4 (b) and Figure 4(c) ).
Taken together, these findings suggest that microgrooved PDMS substrates can inhibit the HUVECs inflammatory response by induction of the expression of anti-inflammatory microRNAs.
Conclusions
We demonstrated that microgrooved PDMS substrates can change the morphology of HUVEC by specifically designing the width of the grooves to 10 um.
When the morphology of HUVEC was changed, the expression of miR-146a and miR-181b could be significantly induced at the same time, and their target genes down-regulated accordingly. Furthermore, the inflammatory response of HU-VECs could be inhibited. As a favorable consequence, the specially designed microgrooves may be considered to be used in manufacturing tissue engineered blood vessels.
